Oxygen and nitrous oxide uptake has been measured in 22 infants with congenital heart disease during general anaesthesia for cardiac catheterization involving curarization, and manual pulmonary hyperventilation using a closed circuit apparatus designed for this purpose.
Oxygen and nitrous oxide uptake has been measured in 22 infants with congenital heart disease during general anaesthesia for cardiac catheterization involving curarization, and manual pulmonary hyperventilation using a closed circuit apparatus designed for this purpose.
A highly significant relation was found between oxygen uptake and patient surface area given by the regression equation V2 =i6-5 (body weight in kg)213-3.8 ml/min (mean V02= I65 mll minIm2), and between VO2 and body weight given by V°2
= 6-74e-0076kg + 4* Values for T02 kg variedfrom Io ml/min per kg to 5 ml/min per kg for a body weight range of 3 to 22 kg. Nitrous oxide uptake decreased with time from induction of anaesthesia given by the highly significant regression equation kg = 569ee-00489t and the total nitrous oxide uptake in ml/kg body weight at any time t is given by kg20 =II6 (I-e°00489t) . Thesefigures reveal a mean tissue mass reduction in our patients of 38 per cent of normal, a figure that compares well with the observation based on body weight of a 33 per cent reduction below the 5oth percentile.
These patients equilibrate with nitrous oxide I-6 times as fast as subjects of normal weight. It has also been suggested that there is little justification in assuming oxygen uptake values from data in the spontaneously breathing infant, since these are rarely basal during general anaesthesia (Nunn, Bergman, and Coleman, I965). One object of this paper is to report values during general anaesthesia. Since nitrous oxide forms the balance of the inspired gas, it seemed essential to study its behaviour also, since no published information on this important point is available.
We therefore devised a closed circuit apparatus for this purpose, and this paper reports its use in a group of infants with congenital heart disease studied during general anaesthesia and intermittent positive pressure ventilation.
Method
The closed circuit apparatus used to measure oxygen and nitrous oxide uptake is a modification of that previously described by us in detail (OwenThomas, Meade where the correlation coefficient, r =ogs, t = I I -3, and P <oooi, with a standard error of the estimate of 9-2 ml/min. This relation suggests that oxygen uptake per kilogram body weight also varies with body weight which is confirmed in Fig. 2 . Oxygen uptake per kilogram is shown to fall continuously as body weight increases. An exponential regression has been fitted which declines asymptotically to an assumed adult normal value of 4 ml/min per kg body weight, 6g2 =6.74e -0-076 kg + 4 (2) where, r=o84, t=58, P<o-ooi, and standard error of the estimate = + 22 per cent.
Values for oxygen uptake vary from I0 ml/ min per kg to 5 ml/min per kg for a body weight range of 3 to 22 kg.
The 6 neonates had Vo2 values which clearly differed from the other patients studied (mean neonatal Jo, = 6-2 ml/min per kg). Therefore they were excluded from the regression analysis. They are shown in the dotted inset (Fig. 2) and lie below the values for the other patients of similar weight but who are older than one month.
Body weight There is evidence that infants with severe congenital heart disease are under weight with respect to age (Mehrizi and Drash, I962; Lees and colleagues, I965) and Fig. 3 shows the relation between the body weight of our patients and their pre- ?I G. 3 The relation between observed a 5redicted patient body weight.
< oooi, and the standard error c 'stimate = I97). The intercept (-o0 ,egligible, so that it may be conclude pe weight of our patients is 78 per cent Vredicted normal value. The relevance inding to nitrous oxide uptake will t :ussed later. titrous oxide uptake This was me; n I0 subjects (Cases 13 tO 22, Table   \rhom nitrous oxide uptake in ml/kg body weight at any time, t VN20 II6 (I-e. 00489t)
kg (5) Previous animal experiments carried out using a similar circuit for the measurement of nitrous oxide uptake (Owen-Thomas et al., I970) show a similar regression relation for the rate of uptake to that of our infants (Fig. 5) , but the significance of the difference in total nitrous oxide uptake will be discussed below. We have also shown (Fig. 2) that over the weight range 3 to 22 kg, oxygen uptake per kg body weight falls from I0 to 5 ml/min per kg. Clearly, considerable error could arise in o the estimation of cardiac output if a meañ ' -F (fixed) value for Po2/kg were used.
Discussion
)0 70
The measurements for neonates are clustered about a mean value of 6-2 ml/min per 0 10 20 30 40 50 6 Time (min) kg (STPD). All our patients had an oesophageal-ambient temperature gradient of ioWC, and for this gradient one would expect an oxygen consumption of Io-I5 ml/min per kg during spontaneous respiration, whereas in a neutral thermal environment a figure of 4-6 ml/min per kg would be appropriate (Scopes, I966; Dawes, I968) . The relatively low values which we measured could be due again in part to the diminished oxygen consumption of paralysed muscle.
Nitrous oxide uptake The exponential decline in the rate of nitrous oxide uptake with time begins not later than I0 minutes from the induction of anaesthesia. At this time there is a steady state in which the nitrous oxide tension in the blood is constant and is virtually identical with that of the inspired gas; in addition, the rate of diffusion of nitrous oxide into the tissues is proportional to the blood/ tissue tension gradient.
The coefficient of equation 4 extrapolates these conditions back to time zero when the tissue tension of nitrous oxide is zero. Therefore the coefficient (5.69) is numerically equal to the diffusion coefficient x the nitrous oxide tension in the blood (o-67 atmospheres). That is, 5 69 = diffusion rate/kg tissue per kg body weight x o-67. Therefore, the diffusion rate of nitrous oxide into the tissues per kg tissue, per kg body weight, per atmosphere tension gradient is 5.69/o067=8 5 ml/min per kg tissue per kg body weight. Nitrous oxide is a highly soluble and therefore highly diffusible gas, and it can be easily shown that the rate of diffusion of nitrous oxide through the lungs per atmosphere gradient, per kg body weight is of the order of 400 times this value of 8 5 shown above. Body capillary surface area is unlikely to be less than that of the pulmonary capillaries. Thus, the rate of diffusion into the tissues is very low and probably relates to the mean length of diffusion path between tissue capillaries.
Equation 5 relates total nitrous oxide uptake with time of absorption, and the coefficient (i i6) is the uptake in ml/kg body weight at final equilibrium (t = infinity).
Therefore group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from the ratio of the diffusion constant to the volume into which the gas is diffusing. Thus, the exponent of equation 5 will vary inversely as the tissue volume/kg body weight, so that the time to reach any given saturation with nitrous oxide will vary directly as the tissue volume/kg body weight. In our group of infants, the tissue volume/body weight ratio is 62 per cent of normal, so that they will reach a given saturation with nitrous oxide in only 62 per cent of the time that a normal infant would take.
This point is illustrated in Fig. 6 , where the observed regression for saturation was, tissue saturation with nitrous oxide = i -e -0O0489t, corresponding saturation on the normal curve being i 6 x t. Underweight subjects will equilibrate quicker with nitrous oxide than subjects of normal weight.
The nitrous oxide technique affords an accurate and simple method of measuring tissue volume. It may prove to be of value in assessing the effect of the cardiac lesion on metabolism and the influence of operative and other therapeutic measures. 
